H i s t o r i c a l c h a n g e s a n d i n v e n t o r y of m a c r o a l g a e f r o m K 6 n i g s h a f e n B a y in t h e n o r t h e r n W a d d e n S e a
D e d i c a t e d to P. K o r n m a n n (~) a n d P.-H. S a h l i n g ABSTRACT: Knowledge on the distribution, abundance and species richness of intertidal macroalgae occurring on sandy and muddy flats of the German Wadden Sea is still incomplete. We summarize published and unpublished information available on the presence of macroalgae on the tidal flats of K6nigshafen Bay (island of Sylt, North Sea), one of the more extensively studied areas of the Wadden Sea. A total of 46 green algal species, 36 brown algal species and 26 red algal species has been recorded within the last 120 years on soft and hard substrata of K6nigshafen Bay (disregarding species found unattached or drifting). Several of these species were only temporarily resident on the tidal flats. Today, at least 35 green, 15 brown and 12 red algal species occur within or close to K6nigshafen Bay. Significant long-term changes in species abundances have occurred in all three major groups of algae: Since the late 1970s, dense green algal mats dominated by Enteromorpha flexuosa, E. radiata and E. prolifera have occurred regularly on the intertidal flats, whereas a general decrease of brown and red algae has been documented. Two red algal species, Gracilaria verrucosa and its epiphyte Callithamnion corymbosum, were conspicuous members of the macroflora until the middle of this century. Although still present in the 1980s, they have now disappeared completely. On the other hand, the brown alga Sargassum muticum has begun to colonize mussel beds. The causal background of long-term changes in the macroalgal flora of K6nigshafen Bay is discussed. Owing to substantial nomenclatural changes during the last 120 years, a revised species list with authors' names and synonyms is included.
I N T R O D U C T I O N
T o w a r d s t h e t u r n of last century, R e i n k e (1889a, b, 1892), K u c k u c k (1897, 1900, 1902 ) a n d s e v e r a l o t h e r b o t a n i s t s (see M o l l e n h a u e r & Lfining, 1988) i n v e s t i g a t e d t h e a l g a l flora of t h e G e r m a n Baltic S e a a n d t h e i s l a n d of H e l g o l a n d . T h e y all s h o w e d c o m p a r a t i v e l y little i n t e r e s t in t h e rare m a c r o a l g a l v e g e t a t i o n of t h e i n t e r t i d a l m u d -a n d s a n d f l a t s of the W a d d e n Sea, a n e c o s y s t e m w h i c h a p p e a r e d as "a u n i q u e p l a n t l e s s d e s e r t c o n t i n u i n g in the s u b t
i d a l " ( m o d i f i e d from R e i n k e , 1889c). T h e r e f o r e , it is n o t s u p r i s i n g t h a t t h e first inf o r m a t i o n o n W a d d e n S e a m a c r o a l g a e w a s o b t a i n e d as a m e r e b y p r o d u c t of t h e N o r t h S e a P o m m e r a n i a -e x p e d i t i o n in 1872 ( M a g n u s , 1874).
In contrast, t h e i n t e r t i d a l flats of K 6 n i g s h a f e n Bay are t h e only W a d d e n S e a a r e a s in G e r m a n y w h e r e m a r i n e b o t a n i s t s h a v e w o r k e d r e p e a t e d l y , a l t h o u g h n o t c o n t i n u a l l y . Ac-cordingly, somewhat more detailed descriptions of the macroalgal vegetation and its changes over time are available from this region. Magnus (1874) and Reinbold (1892) both spent only a few days in K6nigshafen Bay, giving incomplete accounts of the algal species present in the area. Kuckuck was the first marine botanist to undertake several excursions to the intertidal flats of the North Frisian Wadden Sea. Unfortunately, his collection of herbarium material and most of his unpublished botanical diaries were lost in the Second World War. Only a diary about the Wadden Sea, written between 1896 and 1903, still exists in the Department of Marine Botany of the Biologische Anstalt Helgoland (hereafter BAH). It contains the earliest detailed recordings of the algal vegetation at the island of Sylt with special emphasis on K6nigs-hafen Bay.
More than 20 years later, Nienburg (1927) investigated the upper eulittoral region of K6nigshafen. He concentrated on the development of the Enteromorpha-zone and the presence of Fucus vesiculosus f. mytili on mussel beds, but he did not produce a complete check-list of macroalgae. Except for Hagmeier's (1941) description of the macroflora associated with the North Frisian oyster beds, there were no botanical activities in K6nigs-hafen Bay after Nienburg until the 1950s. As a consequence of the destruction of the BAH on Helgoland in the Second World War, the botanist Kornmann and his assistant Sahling worked on the island of Sylt from 1946 to 1958 where they studied the macroalgae of K6nigshafen Bay in detail. Although only a minor portion of this work was published by Kornmann at that time (1952) , he made available to us many unpublished data. With the reconstruction of the BAH on Helgoland and the subsequent departure of Kornmann and Sahling from the island of Sylt, all botanical activities ended at once, so that there were no more detailed investigations of macroalgae in K6nigshafen Bay for several decades. In the late 1970s mass development of ephemeral green algae (Reise, 1983) indicated dramatic changes in the macrophytobenthos (Reise, 1994) and initiated recent phycological studies.
We reinvestigated the macrophytobenthos of K6nigshafen Bay with particular reference to historical changes.The species lists presented here summarize published and unpublished data. They are a preliminary approach towards an estimate of the macroalgal diversity of KSnigshafen Bay and adjacent Wadden Sea areas and the lists do not claim to be comprehensive. We offer information about the potential background for changes over time, as well as some details on the historical changes in single species' occurrences.
Ecological data on factors influencing abundance and distribution of green algae in KSnigshafen Bay are given by Schories & Reise (1993) , Lotze (1994) and Schories (1995 a, b) , whereas Albrecht (1995) worked on macroalgal communities associated with mussel beds (Mytilus edulis).
STUDY AREA
KSnigshafen Bay is a shallow tidal bay at the northern tip of the island of Sylt (North Sea, Germany) (Fig. 1) . The hydrography and macrofauna of the area have been described by Wohlenberg (1937) , Reise (1985) and Reise et al. (1994a) . Historical changes in the biological structural entities (e.g. mussel beds, seagrass meadows and green algal mats) have been summarized by Reise et al. (1989) . A sedimentological study of the area was (4) carried out by Austen (1992) . The aeolic input of dune-sands from the west and the formation of a sand spit system in the south of the bay h a v e caused substantial morphological changes of K6nigshafen Bay through to the present (Bayerl & Higelke, 1994) . Austen (1994) s h o w e d that surface sediments h a v e c h a n g e d over the last 50 years, resulting in an areal decline in mudflats and an increasing consolidation of the m u d in the period up to 1981.
MATERIALS, METHODS AND NOMENCLATURE
Since the binomials of many species have been subject to major changes, a revised list of the species with authors' names and synonyms from the reference material is included (Table 1) . In most cases, it was not possible to countercheck the taxonomic information given in the older literature because of missing herbarium material. This might have led to some errors in genera as Cladophora or EnteroInorpha, in which detailed Table 1 . List of species with authors, and synonyms. -Within this century, many changes have been made to the Latin binomials. This is a revised species list with authors' names and synonyms used in the cited literature (see Table 2 ) and in the unpublished data material. The names are arranged alphabetically within the classes: Rhodophyceae, Fucophyceae (Phaeophyceae) and Chlorophyceae, with the valid names printed in bold italic letters and synonyms in italics. For more detailed information about further synonyms used in earlier literature see Nielsen et aL (1995) and Pankow (1971 Pankow ( , 1990 taxonomic studies were first carried out in the 1960s (Bliding, 1963; S6derstr6m, 1963; van den Hoek, 1963) . Abundant herbarium material and slides exist from the period 1946 to 1958, when Kornmann and Sahling worked at the Wadden Sea Station of the BAH. Macroalgae which were encountered only as drifting specimens are not considered here. Data sources, both published literature and unpublished data integrated in this study, are given in Table 2 a. Our own investigations, carried out between 1990 and 1995, were largely restricted to K6nigshafen Bay, although all available information from adjacent areas has been added to the check-list. SCUBA diving was used to determine the lower depth limit of the macroalgal vegetation growing on artificial hard substrata in direct vicinity of K6nigsha-fen Bay (i.e. on the walls of List harbour).
RESULTS

Historical changes
A total of 46 green algal species, 36 brown algal species and 26 red algal species has been recorded on the soft and hard substrata of K6nigshafen Bay or in adjacent areas over the last 120 years (Table 2 b ). However, several of these species have been detected only infrequently on the tidal flats. For example, there are only single recordings of Dictyota dichotoma and Codium tomentosum (Hagmeier, 1941) . Table 2 a. Literature and unpublished data used for the survey, and explanations of the symbols
Origin of data:
1 Magnus (i874) 2 Reinbold (1892) 3 Kuckuck (1896 -1903 , unpubl, data) 4 Nienburg (1927 ) 5 Hagmeier (1941 6 Kornmann (1952) 7 Kornmann (1953) 8 Kornmann (1956) 9 Kornmann (1959 ) 10 Kornmann (1960 11 Kornmann (1972) 12 Kornmann & Sahling (1946 -1958 13 Kesseier (1976 Kesseier ( -1980 14 Lotze (1994) 15 Kornmann & Sahling (1994) 16 Schories & Albrecht (1995) 17 this study
Symbols:
K K6nigshafen Bay O Oyster beds around the island of Sylt A Intertidal and low subtidal areas in the surroundings of K6nigshafen Bay (including anthropogenic hard substrata such as dikes and wails) B Beach region of the village of List Table 2 b. Check-list of multicellular benthic macroalgae settling in K6nigshafen Bay or in adjacent tidal areas during the last 120 years. Due to taxonomic difficulties individuals were not always determined to species level; therefore, individuals marked as "sp" or as "spp" do not necessarily represent additions to the listed members of the same genus. The taxonomic classification of the Ulva-, the Enteromorpha-and the Cladophora-group is uncertain in all data material before 1990. The Porphyra-group was revised by Kornmann & Sahling (1992) From the often selective emphasis of workers on certain groups of algae, it is not feasible to assess the relative abundance of single species which are listed in Table 2 b. Neither does the fragmentary and infrequent information represent a comprehensive and useful basis for estimating absolute abundance of each species over time. Nevertheless, the benthic macroflora recorded in the period between 1870 and 1946 differs in two major respects from that which occurs at present:
(A) Before the late 1970s, dense green algal mats were not mentioned in any of the references to K6nigshafen Bay (see Table 2 a), although the genus Enteromorpha, which is at present the most important contributor to the algal mats (Fig. 2) , was already a conspicuous member of the macrophytobenthos (Nienburg, 1927 ). (B) Our m e a s u r e m e n t s at the List harbour walls show a m a x i m u m v e g e t a t i o n depth of 3 m below m e a n high water level (MHWL). Only crustose forms of b r o w n a l g a e (e.g.
Ralfsia verrucosa) w e r e found in g r e a t e r depths, on mobile biogenic substrata such as shells of hermit crabs (Eupagurus bernhardus), but not on firm substrata. In the earlier part of the century the lower v e g e t a t i o n depth limit must have b e e n several metres below that of the present vegetation as H a g m e i e r (1941) reported the growth of m a c r o a l g a e on subtidal oysterbeds down to ca 8 m.
Currently, at least 12 red algal species, 13 brown algal species and 34 green algal species are present in K6nigshafen Bay. The green alga Codium fragile and the brown algae Laminaria saccharina and Punctana plantaginea were found only outside K6nigshafen.
In relation to the findings of Kornmann (1952) and Kornmann & Sahling (1946 -1958 in K6nigshafen, the number of red algal species has decreased from 16 to 12, and brown algal species from 23 to 12. The abundance of green algal species increased from 23 to 34. The latter is related to high numbers of species in the two genera Enteromorpha and Ulva which were mainly found on sand-and mudflats in our survey.
The complete disappearance of the red algae Gracilaria verrucosa and its epiphyte Callithamnion corymbosum is particularly interesting. Both species, first mentioned by Magnus (1874) , were still conspicuous members of the macroflora of the outer part of K6-nigshafen Bay in the 1950s, but became rare in the 1980s. Also, Polysiphonia nigra, Hildenbrandia rubra and Lithothamnion sonderi have not been found in the recent survey. The two crustose species never occurred very frequently in K6nigshafen, whereas Polysiphonia nigra was regularly present in the outer part of the bay, growing attached to mussel shells and pebbles.
Present situation
Three Enteromorpha species were regularly represented in the algal mats of K6-nigshafen Bay (E. flexuosa, E. prolifera, E. radiata). E. ralfsii was only of local importance in the north east of K6nigshafen, where it grew attached to tubes of the polychaete Lanice conchflega. E. clathrata and E. terra were found commonly, though often with low biomass. Chaetomorpha sutoria was scarce on the tidal flats in K6nigshafen in 1990 and between 1992 and 1994, but formed mats measuring up to 20 cm deep in 1991 (Fig. 3) .
We very rarely found juveniles of Chaetomorpha and Cladophora in K6nigshafen Bay, whereas juvenile stages of Enteromorpha occurred in high abundances (hundreds m -2) attached to mudsnail shells in spring (Schories & Reise, 1993; Schories, 1995 a, b) . Ulva spp., on the other hand, are transported by currents into the bay from other areas as adults and continue to grow without reproducing in protected localities. Thus, we recorded a maximum length of ca 3 m for a single plant of Ulva scandinavica in1992. Direct development of Ulva germlings into adult plants is very rare in K6nigshafen Bay.
On mussel beds, the bladder wrack Fucus vesiculosus f. mytili is the most conspicuous macroalga. Additionally, extensive growth of the red alga Dumontia contorta and the brown alga Petalonia fascia can be observed in spring in depressions of individual mussel beds. In summer months, large individual plants of Porphyra spp. may grow up to 50 cm in length when grazing pressure is low. The red sheets cover parts of some mussel bed surfaces completely. This blanketing was observed under natural conditions in the outer part of K6nigshafen Bay in 1993, and in grazer exclusion experiments carried out in 1993 and 1994 by Albrecht (1995) .
The occurrence of the invasive Japanese brown alga Sargassum muticum is a new phenomenon in K6nigshafen Bay (Schories & Albrecht, 1995) . In this location S. muticum grows attached to mussel beds (MFtilus edulis), and this represents the first record for attachment to a biogenic hard substratum in the Frisian Wadden Sea. Prior to this, unattached specimens had been found for several years following storm events along the beaches of the island of Sylt. In March 1993, S. muticum was discovered attached to the substratum almost simultaneously in two locations: on mussel beds in the outer part of K 6 n i g s h a f e n B a y close to t h e s u b t i d a l z o n e a n d o u t s i d e t h e b a y in t h e l o w s u b t i d a l z o n e o n a b r e a k w a t e r s o u t h of t h e v i l l a g e of List. D u r i n g s u m m e r , t h e p l a n t s g r o w to a l e n g t h of u p to 2 m b e f o r e d e g e n e r a t i o n p r o c e s s e s l e a d to t h a l l u s losses in a u t u m n (Fig. 4) . At p r e s e n t , S. muticum is still p a r t of t h e m a c r o f l o r a in t h e s e two areas 9
A n o t h e r i n v a s i v e s p e c i e s r e c o r d e d for t h e first t i m e in t h e vicinity of K 6 n i g s h a f e n Bay is t h e g r e e n a l g a Codium fragile. It o c c u r s r e g u l a r l y o n t h e b r e a k w a t e r w h e r e S. muticum w a s found 9
D I S C U S S I O N
T h e m a c r o p h y t o b e n t h o s of K 6 n i g s h a f e n B a y h a s u n d e r g o n e a c h a n g e m o r e dram a t i c t h a n t h a t r e f l e c t e d in o u r c h e c k -l i s t (Table 2 ). S i n c e t h e b e g i n n i n g of t h e century, t w o o p p o s i n g t r e n d s a r e e v i d e n t . S o m e r e d a n d b r o w n a l g a l s p e c i e s h a v e b e c o m e r a r e or h a v e d i s a p p e a r e d c o m p l e t e l y f r o m t h e i n t e r t i d a l z o n e (e.g. Callitharrmion corymbosum, Gracilaria verrucosa, Hildenbrandia rubra). In contrast, t h e a b u n d a n c e s a n d b i o m a s s e s of s e v e r a l g r e e n a l g a l g e n e r a (Chaetomorpha, Cladophora, Fnteromorpha a n d Ulva) h a v e e x h i b i t e d m a s s i v e i n c r e a s e s in t h e u p p e r e u l i t t o r a l z o n e . T h e p r e s e n c e i n t h e int e r t i d a l z o n e of s p e c i e s s u c h as Ceramium nodulosum, Polysiphonia elongata, P. fucoides a n d Porphyra spp. s e e m s n o t to h a v e c h a n g e d in t h e l o n g term.
W h e n t r y i n g to e x p l a i n t h e s e h i s t o r i c a l d e v e l o p m e n t s , it is i m p o r t a n t to r e a l i z e t h a t e n v i r o n m e n t a l c o n d i t i o n s w h i c h i n f l u e n c e t h e o c c u r r e n c e of w i l d o r g a n i s m s h a v e c h a n ge d t h r o u g h b o t h n a t u r a l a n d a n t h r o p o g e n i c effects. .~., .F~' :~.~: Fig. 4 . Specimen of Sargassum muticum found attached to mussel beds between two tidal inlets m the outer part of K6nigshafen Bay; July, 1994 impact is of great significance for often dramatic changes in the e n v i r o n m e n t (Agger, 1989) , particularly in an ecosystem such as the W a d d e n Sea which has b e e n structured by h u m a n activity for a thousand years. However, in K6nigshafen Bay natural fluctuations of e n v i r o n m e n t a l parameters interact with anthropogenic changes and are at least partly responsible for the observed changes. Therefore, natural as well as h u m a n -i n d uced aspects of different factors affecting macroalgal growth will be discussed together.
S u b s t r a t u m a v a i l a b i l i t y
During the late 1980s, De Jonge & Peletier (1992) found a dense cover of Ulva spp. in the western Dutch Wadden Sea, apparently related to the presence of hard substrata supplied by blue mussel cultures (Mytilus edulis). After A/I. edulis became rare, because of insufficient spatfall, Ulva became unimportant in the western Dutch W a d d e n Sea. In this case, the availability of a hard substratum seems to have b e e n the limiting factor for the d e v e l o p m e n t of Ulva. On the other hand, mussel beds have always b e e n present in K6nigshafen Bay in this century (Nienburg, 1927; Wohlenberg, 1937 ), but they have also shown high fluctuations in terms of a b u n d a n c e and spatial distribution . In contrast to the observations of De Jonge & Peletier (1992) in the Netherlands, the growth of Ulva on mussel beds in K6nigshafen Bay has never been of any importance. High biomass of Ulva only occurs when plants drift into the bay and begin vegetative growth, so that this species' abundance is probably regulated by other factors in our study area (see below).
However, the availability of a suitable substratum is also of relevance to the occurrence of epiphytic macroalgae: seagrass, which was abundant throughout the Wadden Sea, decreased dramatically in the 1930s. Almost the entire population of Zostera marina, growing at, or just below, the low water mark was affected in the Dutch (den Hartog, 1994) as well as in the German Wadden Sea. Wohlenberg (1935) reported a strong disease-related decline of Zostera in a subtidal bed east of Kbnigshafen Bay during 1933-34 (for further information see Reise et al., 1989) . This bed disappeared completely. The loss of seagrass beds in the Dutch and German Wadden Sea more than 60 years ago is thought to have altered the abundance of macroalgae, especially of the red algal epiphytes associated with them. The work of van Goor (1921) on the Dutch Wadden Sea gives a lasting impression of the potential species richness of macroalgae in seagrass beds.
Additionally, the construction of artificial hard substratum -in Kbnigshafen Bay this refers particularly to the building of a new dike in the early 1930s -might have enhanced the growth of some species which had previously been limited in their distribution by lack of suitable attachment surfaces. In particular, the high eulittoral species Blidingia minima, B. marginata and Prasiola stipitata have been found recently growing on the dike, thus contributing to the increase in green algal species compared to earlier investigations.
Grazing
Not all substrata serving as potential attachment surfaces are colonized by macraoalgae otherwise abundant in the area. This is often attributable to grazing effects. Geertz-Hansen et al. (1993) showed that, in a eutrophic Danish estuary, the development of nuisance macroalgae like Ulva lactuca can be controlled by grazing isopods (Idotea sp.). Albrecht (1995) demonstrated the influence of littorinid snails on the presence of several macroalgal species on mussel beds in Kbnigshafen Bay. Experiments using exclusion cages to reduce Littorina littorea densities showed that, within a short time in summer, opportunistic species such as Porphyra spp., Ulva lactuca and Enteromorpha spp. developed on the mussel shells. Therefore, changes in abundance of ephemeral green and red algae might often have been related to grazing pressure in Kbnigshafen Bay. Unfortunately, no simultaneous investigations of grazers and macroalgae were carried out in the bay before 1992 (Wilhelmsen & Reise, 1994; Albrecht, 1995) Eutrophication Eutrophication has been the predominant factor of change over the last 50 years. Proceeding from the estuaries, enhanced nitrogen and phosphorus loads have increased the nutrient concentrations in intertidal waters of the North Frisian Wadden Sea during winter (Martens, 1989 (Martens, a, b, 1992 Hickel et al., 1993) . Several authors (cf. Buttermoore, 1977; Montgomery & Soulsby, 1981; Kolbe et al., 1994; Reise & Siebert, 1994 ) assumed a positive correlation between eutrophication and green algal biomass. Thus, there are many regions in the world where mass development of Ulva to nuisance proportions is strongly exacerbated by high nutrient inputs into the system (Sawyer, 1965; Sfriso et al, 1987; Piriou & Menesguen, 1992) .
Although more and more global records substantiate these positive correlations, the evidence for a direct link is by no means conclusive. In our view, the general relationship between the potential for green algal mass development and the environmental parameters involved is often too complex to be demonstrated in single case studies. Grazing pressure (Geertz-Hansen et al., 1993; Wilhelmsen & Reise, 1994) , availability of substrata and anchorage (Schories & Reise, 1993) , rainfall (Piriou & Menesguen, 1992) , desiccation (Townsend & Lawson, 1972) , competition between macroalgae, microphytobenthos and phytoplankton (Fong et al., 1993) are only a few examples indicating the complexity of factors which may influence the development of green algal mats in eutrophicated areas. However, Raffaelli et al. (1989) found a positive correlation between nutrient loads (especially nitrogen) and biomass of Enteromorpha sp. in the Ythan River (Scotland). In K6-nigshafen Bay large quantities (in terms of abundance and biomass) of opportunistic green algae (e. g. Cladophora spp., Chaetomorpha sutoria, Enteromorpha spp. and Ulva spp.) have occurred regularly on muddy and sandy tidal flats since 1979 (Reise, 1983; Schories, 1995a) , covering sediments and seagrass beds (Zostera marina and Zostera noltii) as thick mats (Fig. 2) . However, maximum standing crop of these green algae has been extremely variable over the years (Reise, unpubl, data) , making it almost impossible to predict their abundance and/or distribution in K6nigshafen Bay. Nevertheless, our investigations (in concordance with Reise et al., 1994 b) suggest that, although diverse factors interact, mass development of Enteromorpha is, overall, a consequence of high nutrient availability and, as such, a man-made problem.
In contrast, the higher number of species of Enteromorpha and Ulva nowadays is probably an artifact of the taxonomic revision of these genera since Kornmann's (1952) and Kornmann & Sahling's (1946 -1958 work. In the 1960s and 1980s, Bliding (1963 Bliding ( , 1968 and Koeman & van den Hoek (1982 a, b; 1984) introduced substantial taxonomic changes to Enteromorpha and Ulva, elevating several subspecies to species.
The red alga Gracilaria verrucosa, which disappeared from K6nigshafen in the 1980s, is viewed widely as a warm-temperate species, but it frequently occurred, together with its epiphyte Callithamnion corymbosum, in the outer part of K6nigshafen Bay between 1870 and 1958. We do not believe that eutrophication, expressed as increased nitrogen and phosphorus concentrations in the intertidal waters of the North Frisian Wadden Sea during winter (Martens, 1989 (Martens, a, b, 1992 Hickel et al., 1993) , is likely to be responsible for the disappearance of Gracilaria and Callithamnion. In the Lagoon of Venice, which is much more eutrophicated than K6nigshafen, Gracilaria verrucosa is still an abundant member of the macroalgal flora (Sfriso et al., 1992) . Indeed, some evidence exists that Gracilaria, known for its fast growth-and high nitrogen uptake rates (Ryther et al., 1981; Thomas & Harrison, 1987) , has been suppressed by a natural phenomenon.
Nevertheless, comparing the Lagoon of Venice with K6nigshafen in terms of macroalgal vegetation, the same long-term trends can be observed in both areas: a decrease in red algal species richness, an increase in abundance of green algal species and a tendency for an upward movement of the lower vertical vegetation depth limits (Sfriso, 1987) . Further information about long-term trends in marine macroalgae of three polluted estuaries in north-east England are given by Hardy et al. (1993) .
Turbidity
Reduced transparency of the tidal waters has probably affected macroalgal distribution, especially in the subtidal zone. Submerged algae have temporarily and locally decreased in the vicinity of K6nigshafen Bay. The shallower vegetation depth limit in the sublittoral at present must have resulted in a remarkable loss of macroalgae between 3 m and 8 m below MHWL as was concluded by Reise et al, (1989) after reinvestigating Hagmeier's (1941) study sites. Light limitation through water turbidity might have resulted from excessive phytoplankton blooms (e. g. Phaeocystis globosa) as a consequence of eutrophication, or from an increase in current velocity accompanied by an increase in seston concentration. The latter process is thought to have originated from the extensive coastal embankments during recent decades. Straightening of the seaward dike lines has diminished numerous previously stable sedimentation fields, thus reducing intertidal areas, speeding up current velocities, intensifying erosion processes and increasing tidal level. For instance, the constructions of the Hindenburg causeway, which has connected the island of Sylt with the mainland since 1927, and of the Romo causeway (finished in 1949), resulted in a substantial increase of muddy flats along the structures themselves (Wohlenberg, 1953) , indicating that elsewhere in the Sylt-R~mo area a substantial amount of mud must have been eroded.
Within K6nigshafen Bay, on the other hand, a pronounced compaction of sediment appears to have taken place over the last 50 years (Austen, 1994) , but is of no importance for the vegetation depth because there are no important subtidal areas present in the inner part of the bay other than the main tidal channel.
Introduction of new species
The anthropogenic introduction of marine organisms to intertidal areas is well documented for the Frisian Wadden Sea (Reise, 1990) . Its increase over recent decades is partly due to higher human mobility and trade activity at sea which facilitates the transport of species across previously existing natural boundaries in terms of space and time.
Thus, the green alga Codium [ragile, which invaded European coasts in the present century, but which is very scarce in the vicinity of K6nigshafen Bay, and the brown alga Sargassum muticum, which was first discovered in the area in March 1993 (Schories & Albrecht, 1995) have both made their way around the world with oyster cultures and are only two examples of a series of introduced species now established in the bay. The further extension of S. muticum on hard substrata remains currently unpredictable. However, there is some evidence that its distribution will be restricted to the lower intertidal zone, where it might compete with the native Fucus vesiculosus f. mytili, because both species grow attached to mussel beds.
Both examples show that the ecosystem of the Wadden Sea is dynamic and flexible enough to accommodate new species, so that further changes in the macroalgal flora due to introductions from elsewhere remain possible.
CONCLUSIONS
The macroalgal flora of K6nigshafen and its adjacent areas has changed during the last century. The decrease of intertidal red and brown algae is obvious. If the decline of the macrophytobenthos vegetation depth is indeed attributable to eutrophication and tur-bidity, p r o s p e c t s for t h e p e r s i s t e n c e of rare algal s p e c i e s a n d s p e c i e s r i c h n e s s are r a t h e r d i m in t h e a d j a c e n t s u b t i d a l a r e a s to K 6 n i g s h a f e n Bay, b e c a u s e t h e u n d e r l y i n g p r o c e s s e s still c o n t i n u e . Also, in t h e short term, t h e r e is no e v i d e n c e t h a t t h e m a s s d e v e l o p m e n t of g r e e n a l g a e will c e a s e .
We c o n c l u d e that, w i t h r e s p e c t to W a d d e n S e a m o n i t o r i n g projects, K 6 n i g s h a f e n Bay is a n a p p r o p r i a t e a r e a for p h y c o l o g i c a l s t u d i e s b e c a u s e of its overall s p e c i e s r i c h n e s s a n d t h e availability of abiotic a n d biotic b a c k g r o u n d data. It m e e t s the r e q u i r e m e n t s for a succ e s s f u l m o n i t o r i n g p r o g r a m (Reise, 1989) .
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